We examined the association between the preoperative SYNTAX score and graft patency after off-pump coronary artery bypass surgery (CABG).
INTRODUCTION
The SYNTAX score is a comprehensive angiographic scoring system that quantifies the complexity of coronary artery disease [1] . The predictive value of the score on survival or major adverse cardiac events has been investigated in cohorts of patients undergoing surgical revascularization and has produced conflicting results [2] [3] [4] [5] [6] [7] [8] . Little is known, however, about its significance as a predictor of graft patency after coronary artery bypass surgery (CABG). The aim of the present study was to determine the association between the SYNTAX score and graft occlusion in patients undergoing isolated off-pump CABG.
MATERIALS AND METHODS
All patients had previously granted permission for use of their medical records for research purposes. The study was approved by the Institutional Review Board. Between January 2002 and January 2011, 912 consecutive patients underwent isolated CABG at our institution. Of these, 6 underwent emergent percutaneous cardiopulmonary bypass support at other hospitals during cardiopulmonary resuscitation for cardiac arrest caused by acute myocardial infarction and were then transferred to our hospital, where they underwent emergent CABG with percutaneous cardiopulmonary bypass support. The remaining 906 patients underwent off-pump CABG without emergent conversion to cardiopulmonary bypass during surgery. Of this cohort, 244 patients returned for the follow-up visits to our hospital between June 2011 and March 2012, of whom 217 underwent computed tomography (CT) angiography. The remaining 27 patients were excluded because they refused CT angiography (n = 20) or had severe reduction in estimated glomerular filtration rate (<30 ml/min/1.73 m 2 , n = 7). Of the 217 patients who underwent CT angiography, we studied 189 in whom preoperative SYNTAX scores were retrospectively obtained.
Of the excluded 662 patients, 128 died of various reasons during the follow-up period. The majority of the remaining patients were followed in our hospital either annually or biennially. Some of them were unable to visit us because of geographical reasons or health status and were followed at other hospitals. With regard to baseline characteristics between enrolled (n = 244) and excluded patients (n = 662), the excluded patients were significantly more likely to be old (68.8 ± 10.4 vs 66.5 ± 9.3 years, P = 0.01) and have a lower body mass index (23.2 ± 3.2 vs 24.0 ± 3.1 kg/m 2 , P = 0.01), diabetes (51.1 vs 43.8%, P = 0.01), lower estimated glomerular filtration rates (56.0 ± 25.6 vs 65.8 ± 18.4 ml/min/1.73 m 2 , P = 0.01), or to be categorized as New York Heart Association (NYHA) class III or IV (42.7 vs 27.6%, P = 0.01). No significant difference was found in terms of the following factors: proportion of female patients (19.7 vs 17.2%, P = 0.23), smoking (55.2 vs 61.1%, P = 0.72), hyperlipidaemia (52.2 vs 50.1%, P = 0.57), ejection fraction (56.4 ± 12.5 vs 58.1 ± 11.3%, P = 0.14) or previous myocardial infarction (37.8 vs 44.8%, P = 0.26). During the follow-up period, 20 patients (3.0%, 20/662) received unplanned repeat revascularization.
CT coronary angiography
CT angiography was performed using a 320-row multidetector CT (Aquilion ONE, Toshiba Medical Systems, Otawara, Tochigi, Japan) with 320 × 0.5 mm detector rows and a 0.35-s gantry rotation time. Since our desired heart rate was <65 bpm, an ultrashort-actin β1-selective agent, landiolol, was continuously administered intravenously to achieve this target heart rate. All coronary CT angiograms were reviewed by a radiologist and a cardiologist to achieve consensus. Graft occlusion was defined as the absence of contrast agent along the course of the graft. For this study, a string sign (threadlike narrowing along the entire length of the graft) was regarded as patent. In sequential grafts, each segment was analysed as a separate graft.
SYNTAX score
The total SNTAX score was derived from the summation of the individual scores for each coronary lesion (defined as ≥50% luminal stenosis in vessel ≥1.5 mm). Full details on SYNTAX score calculation were reported previously [1] . For each patient, the score was retrospectively calculated by a single experienced cardiologist (T.K.). The last coronary angiography before CABG was used for score assessment.
Endpoints and definition
The primary endpoint was at least one graft occlusion on the follow-up CT angiography. The secondary endpoint was a composite of major adverse cardiac and cerebrovascular events (MACCE), which was defined as cerebrovascular accident, nonfatal myocardial infarction, admission due to pump failure and repeated revascularization. Cerebrovascular event was defined as a postoperative central neurological deficit lasting >72 h with a morphological substrate confirmed by magnetic resonance imaging that resulted in irreversible brain damage or body impairment. Non-fatal myocardial infarction was defined as a rise in creatinine kinase myocardial band values >5× the 99th percentile of the normal reference range during the first 72 h following CABG, when associated with the appearance of new pathological Q-waves or new left bundle branch block, or angiographically documented new graft or native coronary artery occlusion, or imaging evidence of new loss of viable myocardium. After the first 72 h following CABG, myocardial infarction was defined as the detection of a rise in cardiac biomarker values with >1 value above the 99th percentile of the upper reference limit, together with evidence of myocardial ischaemia with ≥1 of the following: symptoms of ischaemia-or-electrocardiogram changes indicative of new ischaemia (new ST-T wave changes or new left bundle branch block)-or-development of pathological Q-waves in the electrocardiogram [9] . Repeated revascularization was defined as any postoperative coronary intervention. Complete revascularization was accomplished when at least one bypass graft was placed distal to a 75% or greater narrowing in each of the diseased territories. Left main trunk stenosis would require bypass grafting to both the left anterior descending artery (LAD) and circumflex branch (CX) to be considered complete. Deep 
Surgical technique
The internal thoracic artery (ITA) and right gastroepiploic artery (GEA) were harvested with an ultrasonic scalpel using the skeletonization technique (Harmonic Scalpel; Ethicon Endo-Surgery; Cincinnati, OH, USA) [11, 12] . The saphenous vein (SV) was routinely harvested under direct vision with the help of a linear incision along the course of the vein using a fine pair of scissors. Endoscopic vein harvesting was not performed. During anastomosis, a suction-type mechanical stabilizer (Octopus 4.3; Medtronic; Minneapolis, MN, USA) was used to immobilize the target site of the coronary artery. Distal myocardial perfusion was maintained using an intracoronary shunt tube (Anastaflo; Edwards Lifescience; Irvine, CA, USA). Vein-to-aorta proximal anastomosis was performed using partial clamping or an anastomotic device. To prevent complications related to manipulation of the ascending aorta, we routinely performed CT scans and epiaortic ultrasonography and assessed the severity and location of atherosclerosis of the aorta. When the surgeon judged that partial clumping of the ascending aorta would increase the risk of embolism, a proximal anastomotic device was used. To assess the graft function, a recording of the transit-time flow trace was made routinely after each graft had been completed and immediately before chest closure.
Graft arrangement
Basic strategy for myocardial revascularization was in situ grafting of the ITA to the LAD. The second ITA and/or the SV were grafted to the (CX) and/or diagonal branches (Dx). The posterior descending artery (PDA) and posterolateral branch (PLD) were revascularized using the SV or the in situ GEA. The use of the GEA required at least 75% stenosis of the target vessels. In the majority of patients who received bilateral ITA grafts, the in situ right-side ITA was tunnelled through a right pericardial incision and routed anterior to the aorta across the midline for grafting to the LAD and the in situ left-side ITA was used for the Dx and/ or CX. To prevent complications related to resternotomy, at the end of the procedures, the right-side ITA was covered with loosely approximated mediastinal tissue before the sternum was reapproximated with wires. On rare occasions, when the in situ right-side ITA was too short for grafting to the LAD, it was grafted to the CX through the transverse sinus and the in situ left-side ITA was grafted to the LAD. When the right-side ITA was injured at its proximal portion or was too short for grafting to the LAD and CX, a composite graft was constructed. In those cases, the in situ left-side ITA was anastomosed to the LAD, the free graft of the right-side ITA was anastomosed to the in situ left-side ITA in an end-to-side fashion, and its distal end was connected to the CX.
Statistical analysis
Patients were stratified into three groups according to the SYNTAX scores (low ≤22, intermediate 23-32 and high ≥33). Linear trends were assessed by the Mantel-Haenszel test for trend for binary variables and the Jonckheere-Terpstra test for continuous variables. The association between at least one graft occlusion and baseline characteristics was assessed by univariate and multivariate logistic regression model. The cumulative rates of graft occlusion and MACCE were estimated using the KaplanMeier method and compared using the log-rank test. All statistical testing was two-sided. Results were considered statistically significant at a level of P < 0.05. All analyses were performed with the SPSS statistical package version 20.0 (SPSS, Inc., IL, USA).
RESULTS
The SYNTAX score was normally distributed (Fig. 1 , KolmogorovSmirnov test, P = 0.64. Mean: 36.6, standard deviation (SD): 9.0, median: 37, 25th-75th percentile: 29-43, range: 15-54.5).
Baseline characteristics
The baseline patient characteristics by the SYNTAX score groups are presented in Table 1 . Most of the characteristics of the groups were compatible with the exception of a higher incidence of diabetes mellitus and a NYHA class III or IV in the patients with higher SYNTAX scores. The major difference between the groups was found in the coronary anatomy and individual components of the SYNTAX score. The patients with higher SYNTAX score were more like to have left main disease plus multivessel disease, chronic total occlusion, trifurcation, bifurcation, sever tortuosity, lesion length >20 mm, heavy calcification and diffuse lesions.
Operative data
All patients received off-pump bypass surgery without conversion to cardiopulmonary bypass during the operation. The number of target coronary vessels was significantly greater in patients with higher SYNTAX scores: SYNTAX score ≤22: 3.2 ± 1.3; SYNTAX score 23-32: 3.4 ± 1.1; SYNTAX score ≥33: 3.7 ± 1.0 (P for trend = 0.04). Complete revascularization was achieved in all patients. The LAD was always revascularized using the in situ ITA (the right-side ITA was used in 140 patients and the left-side ITA in 47 patients). Bilateral ITA was used in 134 patients (134/ 189, 70.9%) and the second ITA was anastomosed to the CX and/or Dx as an in situ graft in 133 patients (99.3%, 133/134) and as a free graft in 1 patient. The GEA was used as an in situ graft in 118 patients (62.4%. 118/189). The left-side ITA and GEA were often used as a sequential graft (53.0 and 40.7%, respectively). Total arterial revascularization was achieved in 155 patients (155/ 189, 82.0%). One patient required an intra-aortic balloon pumping after completion of anastomoses because of sudden haemodynamic instability due to protamine hypersensitivity. No patient experienced a deep sternal infection during the followup period.
Graft patency
The mean interval from operation to angiogram was 4.7 ± 2.4 years, range 0.8-10.0 years. Estimated 8-year graft patency of the in situ ITA grafted to the LAD was 97.4 ± 1.5%, that of the in situ ITA grafted to the CX was 89.3 ± 4.2%, that of the SV grafted to the CX and/or PDA was 86.5 ± 6.7%, and that of the in situ GEA grafted to the PDA and/or PLB was 86.2 ± 5.7% (Fig. 2) . Of the 666 total distal anastomoses, 27 (in 21 patients) were occluded. A string sign was found in six grafts in 6 patients. No significant difference was found between patients with and without at least one graft occlusion in the SYNTAX score (mean 35.7; range 15.0-51.5 vs mean 36.6; range 17.0-54.5, unpaired t-test, P = 0.87). Among 27 occluded grafts, 13 were anastomosed to the coronary artery with proximal stenosis of 50-75%. Sequential grafting was used in 8 of 21 patients with at least one graft occlusion. In a multivariate logistic regression models, no significant association was found between at least one graft occlusion and components of the SYNTAX score (Table 2) . However, target vessel proximal stenosis of 50-75% was significantly associated with at least one graft occlusion (odds ratio, 3.56; 95% confidence interval, 1.47-8.74; P = 0.01). There was no significant difference in patients with low (≤22), intermediate (23-32) and high (≥33) SYNTAX scores in the cumulative rates of at least one graft occlusion (log-rank test, P = 0.88, Fig. 3 ). Because all the 21 patients with at least one occluded graft were asymptomatic in their daily life, stress tests were not performed, except in 3 patients for whom ITA graft to the LAD was occluded. The 3 patients underwent pharmacologic stress perfusion imaging, but no significant ischaemia was found in the LAD territory.
Major adverse cardiac and cerebrovascular events MACCE occurred in 12 patients (Table 3) . No patient had nonfatal myocardial infarction. One patient suffered a paraparesis, for which a vein-to-aorta anastomosis was performed using a proximal anastomotic device (Novare Enclose device; Novare Surgical System; Cupertino, CA, USA). Three patients required percutaneous coronary intervention (PCI) for unstable angina arising from the progression of the non-bypassed lesions. No patients required repeat revascularization for occluded grafts. Eight patients required rehospitalization for pump failure, but none underwent coronary angiography during hospitalization because they had no electrocardiographic or echocardiographic findings suggestive of coronary ischaemia. Of the 8 patients, graft occlusion was identified in 1 patient at the follow-up CT angiography. Data are number (%) or mean ± SD. GFR: glomerular filtration rate; NYHA: New York Heart Association.
DISCUSSION
A major finding of the present study was that the SYNTAX score and its individual components were not associated with graft occlusion after off-pump CABG. This finding may help to clarify whether or not there is a link between the SYNTAX score and surgical outcome. Our result may support the view that the outcome of CABG is independent of the SYNTAX score [2, 4, 5, 7, 8] . The SYNTAX score is derived from the summation of the individual component scores for each separate lesion and is impacted strongly by the presence of left main disease, a proximal LAD lesion, a bifurcation lesion and total occlusion. Because CABG bypasses these lesions rather than treating them directly, the total score itself might not significantly predict the fate of any particular bypass graft. Individual components of the SYNTAX score needed to be analysed to explain our findings. As a result, we did not discover a significant association between graft occlusion and the components. There are a few plausible explanations for this: (i) precise examination of the graft patency is intrinsically very difficult and (ii) there is always the possibility of underestimation of the incidence of clinical events related to graft failure because only survivors in a stable condition can be enrolled in the analysis, and patients who died from a graft failure are never enrolled. Indeed, the low incidence of the events did not allow us to perform our analyses with sufficient statistical power. We found that the SYNTAX score was not significantly associated with the occurrence of MACCE. This result concurs with the findings of previous studies [2, 4, 5, 7, 8] , although it is important to note that cardiac death was not included in our definition of MACCE. In terms of repeat revascularization, 3 patients required PCI for lesions that were not protected by bypass grafts because the lesions were mildly stenotic and not critical at the time of surgery. Several investigators showed that residual mildly stenotic lesions after PCI for culprit lesions often progress and cause ischaemic events during the follow-up period [13] [14] [15] . Importantly, these lesions have little effect on the SYNTAX score.
There is insufficient data on graft patency of >5 years after off-pump CABG. Kim et al. [16] reported the 5-year angiographic results of 240 patients who underwent off-pump CABG. The right-side ITA was used as a free graft in 43% of patients. Both the left-and right-side ITA demonstrated a >90% patency rate at 5 years postoperatively (early phase: 99.4 and 99.5%; 1 year: 95.5 and 95.9%; 5 years: 91.9 and 93.1%). The 5-year patency of the right-side ITA anastomosed to the right coronary artery was 85.3%. Distal anastomoses with the composite right-side ITA connected to the side of the in situ left-side ITA showed good patency (early phase: 100%; 1 year: 95.1%; 5 years: 92.7%). In our cohort, the estimated 8-year patency of the in situ ITA grafted to the LAD was 97.4% (the right-side ITA was used in 140 patients and the left-side ITA in 47 patients). The second ITA was anastomosed to the CX and/or Dx as an in situ graft in 99.3% of the patients receiving bilateral ITA grafting and the corresponding estimated 8-year graft patency was 89.3%. We consistently performed full skeletonization of the entire length of the ITA. This technique may facilitate visual inspection in identifying the damaged area, minimize the risks of kinks or twists in the conduit, increase its length and subsequently enable the small and highly vasospastic parts to be trimmed off so that the more proximal portion with its large lumen diameter can be used for a sequential graft. In an attempt to further increase the patency, we utilized a transit-time flow meter and a high-frequency epicardial ultrasound to locate the target coronary artery, select the optimal anastomotic site and assess the quality of the graft and distal anastomosis.
Postoperative stroke is one of the main issues of contemporary CABG. In the SYNTAX trial, at 12 months after randomization, stroke was significantly more likely to occur with CABG (2.2 vs 0.6% with PCI; P = 0.003) [2] . This is, unfortunately, a considerable limitation of modern CABG when compared with PCI for severe coronary artery disease. Cardiac surgeons need to make a consistent effort to reduce the occurrence of this severe complication. Our basic operative strategy was off-pump bilateral in situ ITA and in situ GEA grafting by the aorta non-touch technique. In our cohort, stroke occurred in 1 patient (0.5%, 1/189) in whom the manipulation of the ascending aorta was needed for a vein-to-aorta anastomosis. In the SYNTAX trial, the off-pump technique was used in 15.0% and complete arterial revascularization was performed in 18.9% of the CABG randomized cohort. We believe that the aorta non-touch technique is a practical and useful technique for reducing the risk of stroke.
The present study has a number of potential limitations. First, it was a retrospective study and enrolled only Japanese patients who underwent off-pump CABG at a single centre, which limits the generality of the findings. Secondly, there was no independent review committee assessing the validity of the calculation of the SYNTAX score and the interpretation of coronary CT angiograms. Thirdly, the lack of data on drug therapy during the follow-up period could confound the risk relationship between the SYNTAX score and outcome. Fourthly, insufficient statistical power due to the small number of patients and the low incidence of the events prevent us from determining the true effect of the SYNTAX score on the outcome. Finally, the analysis of graft patency is less accurate with CT angiogram than with catheter-based coronarography, particularly in arterial grafts. Although a 320-row multidetector CT scans the entire heart in a short time, this can be a disadvantage in terms of graft assessment. In fact, improper timing of the scan can produce a false negative reading. The time lapse after injection of contrast agents and before peak enhancement of the vessels differs between the ITA, GEA and SV. Since it is extremely important to minimize the observer bias, in our study, 1 experienced CT technician performed all angiograms and 1 experienced radiologist, who had no patient information, or even the SYNTAX score, initially reviewed the angiograms. Consensus was reached only after a thorough review of these findings.
In conclusion, the preoperative SYNTAX score and its individual components are not associated with graft occlusion after off-pump CABG.
APPENDIX. CONFERENCE DISCUSSION
Dr V. Falk (Zürich, Switzerland): Your paper deals with the importance of the SYNTAX score in predicting graft patency after off-pump coronary bypass surgery. Previous studies have shown that the SYNTAX score is less predictive for long-term survival after CABG than it is for PCI. Here you have presented the data that questions its ability to predict graft failure after CABG surgery. The main finding of this study relates to the fact that the SYNTAX score is of limited value in predicting outcomes after surgery. This is, however, no surprise, as the SYNTAX score was primarily designed to score the complexity of coronary artery disease in order to facilitate classification and stratification and to allow comparison of cases in the SYNTAX trial. Its purpose was not to predict outcomes after coronary interventions. A major limitation of the presented study is the low number of patients with a low SYNTAX score. Only 17 patients had a SYNTAX score lower than 22, which rendered the comparison between different SYNTAX strata very difficult. I have the following questions.
First, from the presented patency data, it seems that the revascularization territory has a major impact on patency. Confirming previous studies, revascularization of the right coronary artery yields lower patency in your study, particularly when the gastroepiploic artery is used. Did these results impact your practice with regard to graft selection or revascularization strategy?
Secondly, what do you think is the most plausible explanation for your main finding? Why does the atherosclerotic burden which is reflected in the SYNTAX score not impact outcome? And third, you used multidetector CT for the evaluation of graft patency. Could you provide us with the current specificity and sensitivity of MD-CT as compared to angiography? Dr Kinoshita: Let me answer your second and third questions first. In terms of a plausible explanation for the main finding of the study, the total SYNTAX score is impacted strongly by the presence of left main disease, proximal LAD disease, total occlusion, or the bifurcation lesions. Because the bypass graft bypasses these lesions rather than treating them directly, the total score itself may not predict the fate of the bypass graft. Individual components such as calcification, bifurcation, thrombus formation, or diffuse region, need to be analysed to test my hypothesis. As a result, we found no significant association between the patency and the individual components of the SYNTAX score. In the present study we didn't do further statistical analysis to identify the potential risk factors for graft occlusion, because I wanted to focus on the analysis for association between graft patency and the SYNTAX score and its individual components.
In response to your third question regarding limitation of the evaluation by multidetector CT, as everybody knows, catheter-based angiograms have been the gold standard method for assessing graft patency and graft stenosis, but it is invasive and accompanied by the risk of several complications such as acute myocardial infarction, dissection of the native coronary or bypass graft, and embolic events. Multidetector CT has a high sensitivity and a high negative predictive value for detecting stenosis of the bypass graft, so it is a reliable method for detecting the non-diseased bypass graft without significant stenosis. However, despite improvements in the technology, it still has some limitations. I think three aspects should be considered. The first is, a CT scan cannot demonstrate graft spasm, which is treatable with medication; it is often misjudged as significant stenosis. Secondly, a CT scan cannot demonstrate flow direction, so competitive flow and reverse flow from the native coronaries are often misjudged as stenosis. Finally, one of the most difficult things in looking at graft angiograms is the validity and reproducibility of the observations. I think the important thing is how many people looked at them and how independent these observers are in assessing the bypass graft status. For the present study, one CT technician performed all the angiograms and one radiologist, who had no patient information, including SYNTAX score, initially reviewed all the angiograms and a consensus was reached after our review.
In terms of your first question regarding graft patency, especially in right coronary territory, in our institution we aggressively use the right gastroepiploic artery to revascularize the inferior wall or posterior arterial wall, and we always skeletonized the right gastroepiploic artery and used an in situ graft. In this study we used the gastroepiploic artery in 60% of the patients. The estimated five-year and eight-year patency is approximately 90% and 85%. So I believe that the benefit of the use of the right gastroepiploic artery is that it facilitates the no-touch aortic technique. Even if we use the bilateral internal thoracic artery as an in situ graft, if we use the vein graft, we need the manipulation of the ascending aorta, but if we use the right gastroepiploic artery as an in situ graft, we can achieve no-touch total artery revascularization.
